Background: In Korea, the prevalence of allergic rhinitis (AR) is increasing, as in other industrialized countries. However, no large population-based study defining risk factors for AR has yet been conducted.
Introduction
The incidence of allergic rhinitis (AR) is increasing continuously in many industrialized countries. 1, 2 In Korea, the prevalence of AR in middle-and high-school students has increased gradually from 24.5% in 2007 to 33 .9% in 2012. 3 It is thus becoming increasingly important to define factors predisposing subjects to AR and risk factors for AR. However, the exact reason for the observed increase in AR prevalence remains unknown.
Improved hygiene, increased exposure to allergens, reduced levels of infection, and changes in lifestyle may increase the prevalence of AR. 4 Changes in dietary habits and the presence of fewer nuclear families may also affect AR development.
Exposure to workplace allergens and high socioeconomic status may contribute to development of AR. 8, 9 Recent studies found that diabetes, rheumatoid arthritis, and tuberculosis infection were associated with allergies. [10] [11] [12] Depressive disorders and short sleep duration have also been reported as risk factors for AR. 13, 14 Genetic features are well-known predisposing factors for AR. 15 However, these data do not provide the full picture; previous studies on risk factors for AR have been fragmentary in nature.
The present study is the largest to date to analyze the prevalence of AR in the Korean population. The entire nation is covered, using formal statistical methods such as careful sample design and adjustment of weighted values. We classified AR risk factors in the general population into four types; these were personal, socioeconomic, disease, and parental factors. The influence of each factor on the prevalence of AR was evaluated. In terms of parental factors, the severity and duration of parental AR histories were compared with those of their children.
Methods

Study population and data collection
This study was approved by the institutional review board of the Thyroid 
Survey
Each participant was asked questions relevant to a history of rhinitis, including the prevalence of symptoms such as a runny nose, sneezing, and nasal blockage without fever or a sore throat, within the previous year; whether the symptoms were sustained for at least 4 days per week; whether the symptoms were sustained for at least 1 month; and whether study, work, or sleep was disturbed by the symptoms. A participant was considered to have had AR when a runny nose, sneezing, and nasal blockage, without fever or a sore throat, were reported.
All of height (cm), weight (kg), body mass index (BMI, kg/cm 2 ), smoking status, level of alcohol consumption, sleep time per night, and stress level in everyday life, were considered to be personal risk factors. Such factors were analyzed in those over 19 years of age. Smoking status was divided into three categories: never smoked; smoked less than five packs in a lifetime; and smoked five or more packs in a lifetime. Alcohol consumption was divided into seven categories: never; never in the past year; less than once a month; 2-4 times per month; 2-3 times per week; and 4 or more times per week. Sleep time was divided into two categories; 7 or fewer h per night and more than 7 h per night. The stress level usually experienced was investigated; stress was divided into four categories: no stress; a little stress; moderate stress; and severe stress.
To evaluate socioeconomic status, the number of persons in the household, the style of residence, marital status, educational level, monthly income, and occupation, were recorded. Such factors were analyzed in those over the age of 19 years. To explore the influence of educational level, participants who were uneducated or who had graduated from only elementary or middle schools were used to form a single group. Those who had graduated from high school, junior college, college, or graduate school, formed another group. Monthly income was divided into three categories: 200 million won or less (about $2,000 or less); 201 million to 400 million won (about $2,001-4,000); and more than 400 million won (about $4,000). Those in 10 types of Korean standard occupations were re-categorized into four groups according to the extent of outdoor activity; these were managers, experts, specialists, and clerks; service workers and salespersons; technicians, mechanics, production workers, and engineers; and farmers, fishers, laborers, and soldiers. Unemployed participants formed a sixth group. Diagnoses of comorbidities, including hypertension, diabetes mellitus, hyperlipidemia, cerebral stroke, angina or myocardial infarction, osteoarthritis, rheumatoid arthritis, pulmonary tuberculosis, asthma, atopic dermatitis, depression, and thyroid disease, were documented in a manner similar to the recording of AR status.
Parents were asked the questions listed above to reveal the presence of AR symptoms in their children. Parental data were compared with those yielded when the children were asked the same questions. Of 31,217 participants, data from 1,740 fathers and 2,297 mothers were matched to those of their children.
Statistical analysis
Multiple logistic regression analysis featuring complex sampling was used. Two-tailed analyses were conducted and P-values lower than 0.02 were considered to indicate significance. AORs with 95% confidence intervals (CIs) for AR were calculated. All results are presented as weighted values. All analyses were conducted using the SPSS software (version 20.0; SPSS Inc., Armonk, NY, USA).
Results
Prevalence and characteristics of allergic rhinitis symptoms
Of the estimated 45,201,279 subjects, 12,201,131 (estimated rate 27.0%) had AR. Seasonal AR (64.2%) was more frequent than was perennial AR (35.8%). AR symptoms lasting less than 4 days per week (55.5%) were more frequent than symptoms of longer duration (44.5%). Most subjects with AR had symptoms lasting for less than 1 month (71.9%). Most such subjects (68.8%) reported that study, work, or sleep had been disturbed ( Table 1) .
The mean subject age was 39.4 years. The mean age of subjects who had experienced AR (35.4 years) was lower than that of those who did not report AR (40.8 years). AR prevalence was highest in those aged 21-25 years. Thereafter, AR prevalence decreased with age. The prevalence of AR was less than 20% in those aged over 50 years ( Figure 1 ). Age was negatively associated with AR (AOR = 0.985, 95% CI = 0.984-0.987, P < 0.001). AR prevalence was slightly higher in males (27.9%) than females (26.0%). However, after adjustment for age, gender was not significantly associated with AR (AOR = 1.067, 95% CI = 0.999-1.139, P = 0.055).
Personal factors
None of height, weight, BMI, smoking status, alcohol consumption, or mean sleep time was associated with AR prevalence.
After adjusted with age, sex, height, weight, BMI, smoking status, alcohol consumption, and mean sleep time, exposure to higher-level stress, and stress per se, increased the risk of AR (a little stress: AOR = 1.137, 95% CI = 1.012-1.279; moderate stress: AOR = 1.455, 95% CI = 1.278-1.657; severe stress: AOR = 1.470, 95% CI = 1.209-1.788, P < 0.001) ( Table 2) .
Socioeconomic factors
None of the number of persons in the household, residential style, educational level, or monthly income affected AR prevalence significantly. The After adjusted with age, sex, the number of persons in the household, residential style, educational level, monthly income, and marriage, compared to farmers, fishers, laborers, and soldiers, who were assumed to have the highest levels of outdoor activity, those in other occupations exhibited higher levels of AR (unemployed: AOR = 1.278, 95% CI = 1.112-1.469; manager, expert, specialist, or clerk: AOR = 1.183, 95% CI = 1.093-1.521; service worker or salesperson: AOR = 1.183, 95% CI = 1.010-1.385; technician, mechanic, production worker, or engineer: AOR = 1.320, 95% CI = 1.106-1.577, P = 0.008) ( Table 3) .
Disease factors
After adjusted with age, sex, and each disease factors, histories of pulmonary tuberculosis, asthma, atopic dermatitis, depression and thyroid diseases, were positively associated with AR (pulmonary tuberculosis: AOR = 1.320, 95% CI = 1.119-1.555, P = 0.001; asthma: AOR = 1.868, 95% CI = 1.582-2.205, P < 0.001; atopic dermatitis: AOR = 1.552, 95% CI = 1.309-1.841, P < 0.001; depression: AOR = 1.250, 95% CI = 1.117-1.400, P < 0.001; and thyroid disease: AOR = 1.328, 95% CI = 1.104-1.597, P = 0.003).
Histories of hypertension, diabetes mellitus, hyperlipidemia, cerebral stroke, angina or myocardial infarction, osteoarthritis, and rheumatoid arthritis were not risk factors for AR (Table 4) .
Parental factors
Parental factors were adjusted with age and sex. If a father or mother had AR, their children were at higher risk of AR (father: AOR = 1.566, 95% CI = 1.130-2.172, P =0.007; mother: AOR = 1.546, 95% CI = 1.190-2.008, P = 0.001). If the mother experienced symptoms for more than 1 month, the children also had symptoms for more than 1 month (AOR = 2.872, 95% CI = 1.188-6.945, P = 0.020). However, even if the father or mother had AR symptoms that persisted for 4 or more days per week, the children did not have such symptoms (Table 5) .
Discussion
Prevalence and characteristics of allergic rhinitis symptoms
The prevalence of AR in Korea was as high as that in other industrialized countries; our results were similar to those of another recent epidemiological study performed in Korea. 3 Seasonal AR was more frequent than perennial AR and AR of shorter duration (less than 4 days per week) more common than AR of longer duration (4 or more days per week). Although most patients (71.9%) reported symptoms that did not persist for long, most (68.8%) also complained that their lives were disturbed by the condition. We evaluated AR prevalence using a questionnaire, even though data on physician-diagnosed AR were available to us. We considered that physician diagnoses would underestimate the actual prevalence of AR in an epidemiological context, and that questionnaire data would be more accurate. 2 We found, however, that the AR prevalence as revealed by the questionnaire correlated with the level of physician-diagnosed AR. Compared to physician-diagnosed AR, the accuracy of AR diagnosis by questionnaire was 80.0%.
In agreement with the results of previous studies, the prevalence of AR decreased with age. 2, 16 Similarly, the prevalence in males and females did not differ. 
Personal factors
An earlier epidemiological study found that stress was risk factors for AR in children. 14 We found similar results in adults. Higher stress levels increased the risk of AR in the present study. The stress-related hypothalamic-pituitary-adrenal axis reacts to psychological stressors and triggers a cortisol response; this may explain our data. Smoking was a risk factor in some studies 9 but not others. 18 BMI was found to be an AR risk factor in some studies 19, 20 but not others. 18 We found no association between smoking status, BMI and AR in the present study.
Socioeconomic factors
Living in a big family has been considered to protect against AR, because of a higher probability of infection by older siblings. 6 Immune downregulation mediated by the TH2 response may support this hypothesis. 21 However, the number of persons in the household did not affect AR prevalence in the present study.
The educational levels of the mother and father were associated with child AR prevalence in other studies. 5, 9, 14 Personal educational levels were also associated with AR prevalence in adults. 8 However, we found no such associations in the present study. Min reported that AR prevalence was not associated with job type, but rather with educational level. 18 However, in other reports, exposure to workplace allergens may have contributed to development of AR in adults; 8 living on farms and in rural areas afforded protection from AR. 22 Moreover, modern building techniques increase indoor temperatures and humidity levels 23 facilitating the growth of mites and molds (indoor allergens). 4 Such considerations explain our results: farmers, fishers, laborers, and soldiers, who generally engage in outdoor activities, had a lower AOR for AR than did those in other occupations.
It is well-known that AR occurs frequently in subjects of higher socioeconomic status. 2, 9, 14 However, neither higher education nor high income were risk factors for AR in the present study. We hypothesize that those who obtain higher education and who enjoy a high income usually work, today, in jobs featuring more indoor than outdoor activity. Although no adjustment was performed for other occupational factors, other studies have described a higher prevalence of AR in those with higher-level education and who enjoy higher incomes.
We could not find any prior description of an association between AR prevalence and marriage. One substantial study has connected marriage to positive physical and mental health outcomes. 24 Indeed, marriage exerted a protective effect on AR in the present study.
Disease factors
Children with type I diabetes mellitus are known to exhibit a lower prevalence of atopy. 25 Also, high fasting glucose levels induce chronic inflammation, which lowers the risk of AR. 10 However, diabetes mellitus was not associated with AR in the present study.
Rheumatoid arthritis is characterized by (predominantly) Th1 activity, 26 whereas allergic disease is associated with (predominantly) Th2 activity. Thus, in another study, allergic disease-like atopy was less prevalent in rheumatoid arthritis patients than the normal population. 27 The prevalence of allergic diseases, such as asthma, hay fever, and eczema, was lower in rheumatoid arthritis than osteoarthritis patients. 11 However, some studies have found that Th1-and Th2-dominant diseases may co-exist, and the prevalence of asthma was higher in young rheumatoid arthritis patients than in healthy subjects. 28 Rheumatoid arthritis was not associated with AR in the present study.
The higher prevalence of AR in patients with asthma or atopic dermatitis, noted in the present study, is in agreement with previous reports. 29, 30 In the present study, as in earlier reports, AR prevalence was higher in those with depression. 13, 31 Some authors have reported a genetic association between AR and depression. 32 Pulmonary tuberculosis was a risk factor for AR in the present study. Others have described a higher prevalence of AR in pulmonary tuberculosis patients. 12 Also, the prevalence of AR was reduced after treatment of pulmonary tuberculosis. 33 Increased IL-4 levels in AR patients enhance endocytosis by macrophages. Ingestion of tubercular bacilli by macrophages increases the risk of tuberculosis infection. 34 We asked all participants if they had suffered from thyroid disease; the association between such disease and AR was statistically significant. However, the question was ambiguous; a broad range of thyroid disease was effectively surveyed. A higher prevalence of AR has been reported in patients with various thyroid diseases, including autoimmune thyroiditis, hypothyroidism, and hyperthyroidism. 35, 36 The observed statistical association suggests the possibility that AR is associated with thyroid disease.
Parental factors
A family history of AR was strongly associated with AR development in many studies. [37] [38] [39] [40] In agreement with previous reports, we found that a parental history of AR strongly influenced AR prevalence. A genetic predisposition to AR, or an environmental factor, may explain the high association between AR in parents and their children. Maternal AR symptom duration of over 1 month increased the prevalence of AR in children. We currently cannot explain these observations.
Conclusions
In summary, age, stress level, marriage, occupation, asthma, atopic dermatitis, pulmonary tuberculosis, depression, thyroid disease, and parental AR history, all affected the prevalence of AR. However, BMI, educational level, the number of subjects in the household, type of residence, a history of diabetes mellitus (which have been reported to be AR risk factors in other studies), did not. Our present large population-based study affords reliable information on AR risk factors and improves our understanding of AR. We believe that our work will help to lower the prevalence of AR. Further confirmatory studies are required.
